c o r e e x c i t o n i n sodium h a l i d e s was i n v e s t i g a t e d by measuring t h e constanti n i t i a l -s t a t e (CIS) spectrum and t h e c o n s t a n t -f i n a l -s t a t e (CFS) spectrum.
INTRODUCTION

Recently, we have i n v e s t i g a t e d t h e n o n r a d i a t i v e decay processes o f t h e L i I s c o r e e x c i t o n i n l i t h i u m h a l i d e s 11-31 and t h e Na 2p c o r e e x c i t o n i n sodium h a l i d e s /4/ b y u s i n g t h e technique o f t h e r e s o n a n t photoemission. I t has been found t h a t t h e valence-band spectrum as w e l l as t h e Auger peak i s enhanced a t t h e photon energy c l o s e t o t h e e x c i t a t i o n energy o f t h e L i I s c o r e e x c i t o n o r t h e Na 2p core e x c i t o n .
TO e x p l a i n these phenomena t h e f o l l o w i n g two decay processes have been proposed
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/1,4/; A c o r e h o l e and a p h o t o e x c i t e d e l e c t r o n which form t h e c o r e e x c i t o n recombine d i r e c t l y w i t h t h e energy t r a n s f e r r e d t o a valence e l e c t r o n . T h i s process i s c a l l e d t h e "K(exciton)-V process" f o r l i t h i u m h a l i d e s o r t h e "Lp,3(exciton)-V
process" f o r sodium h a l i d e s , where K ( e x c i t o n ) o r L2,3(exciton) denotes t h e i n i t i a l s t a t e w i t h t h e K h o l e o r t h e L2,3 h o l e acconpanied b y a bound e l e c t r o n ( c o r e e x c i t o n ) and V denotes t h e f i n a l s t a t e w i t h a h o l e i n t h e valence band. T h i s process g i v e s r i s e t o t h e resonant enhancement o f t h e c o n s t a n t -i n i t i a l -s t a t e (CIS) spectrum w i t h t h e i n i t i a l s t a t e a t t h e peak o f t h e valence band around t h e e x c i t a t i o n photon energy o f t h e c o r e e x c i t o n , because t h e f i n a l s t a t e o f t h i s process has t h e same c o n f i g u r a t i o n as t h a t o f t h e d i r e c t p h o t o e x c i t a t i o n f r o m t h e valence band a t t h e e x c i t a t i o n photon energy o f t h e c o r e e x c i t o n .
I n t h e second process, t h e c o r e h o l e f o r m i n g a c o r e e x c i t o n recombines w i t h a valence e l e c t r o n t r a n s f e r r i n g t h e energy t o another valence e l e c t r o n which i s e x c i t e d t o t h e continuum s t a t e . T h i s process i s c a l l e d t h e I1K(exciton)-VV process" o r t h e "L2,3(exciton)-VV process" and g i v e s r i s e t o t h e enhancement i n t h e c o n s t a n t -f i n a l -s t a t e (CFS) spectrum w i t h t h e f i n a l s t a t e corresponding t o t h e k i n e t i c energy o f t h e Auger e l e c t r o n . T h i s paper i s concerned w i t h t h e study o f t h e decay process o f t h e c o r e e x c i t o n i n l i t h i u m h a l i d e s and sodium h a l i d e s .
I n t h e course o f t h e study, however, t h e e x t r a peak was observed around t h e e x c i t a t i o n energy o f t h e L 3 e x c i t o n (1) r e g i o n i n t h e CIS and CFS s p e c t r a o f NaCl and NaBr.
I n t h e case o f NaI o n l y a s i n g l e peak was found i n t h e CIS and CFS spectra, though t h e a b s o r p t i o n spectrum shows two sharp e x c i t o n peaks.
To see t h e s u r f a c e e f f e c t on t h e c o r e e x c i t o n we measured t h e CIS and CFS s p e c t r a w i t h two d i f f e r e n t i n c i d e n t angles o f t h e e x c i t i n g l i g h t on t h e sample surface.
A
l s o t h e temperature dependence o f t h e CIS and CFS s p e c t r a were measured a t room temperature (RT) and l i q u i d n i t r o g e n temperature (LNT) t o d i s t i n g u i s h t h e s u r f a c e c o r e e x c i t o n c l e a r l y from t h e b u l k c o r e e x c i t i o n . EXPERIMENTAL PROCEDURE P h o t o e l e c t r o n s p e c t r a were o b t a i n e d w i t h an u l trah'igh-vacuum p h o t o e l e c t r o n spectrometer w i t h a 2-m g r a z i n g i n c i d e n c e monochromator o f a m o d i f i e d Rowland-mount type. Synchrotron r a d i a t i o n from an e l e c t r o n s t o r a g e r i n g a t t h e I n s t i t u t e f o r S o l i d S t a t e Physics o f t h e U n i v e r s i t y o f Tokyo was used as a l i g h t source. The energy of t h e p h o t o e l e c t r o n s was measured w i t h a double-stage
e l e c t r o s t a t i c electron-energy a n a l y z e r o f t h e c y l i n d r i c a l m i r r o r type.
Samples were prepared i n s i t u by e v a p o r a t i o n on$o g o l d s u b s t r a t e s . The t h i c k n e s s . o f t h e samples was e s t i m a t e d t o be about 100 A w i t h an o s c i l l a t i n g -q u a r t z t h i c k n e s s gauge.
The a n g l e between t h e e x c i t i n g l i g h t and t h e entrance a x i s o f t h e e l e c t r o nenergy anaalyzer was f i x e d a t 45: w h i l e t h e i n c i d e n t a n g l e o f t h e e x c i t i n g l i g h t on t h e sample s u r f a c e was v a r i e d .
The i n c i d e n t r a d i a t i o n i s p o l a r i z e d w i t h t h e e l e c t r i c f i e l d v e c t o r p e r p e n d i c u l a r t o t h e d i r e c t i o n o f p r o p a g a t i o n o f t h e i n c i d e n t r a d i a t i o n i n t h e h
o r i z o n t a l p l a n e and t h e i n c i d e n t angles were s e t a t 0" and 45" i n t h e p r e s e n t experiment on sodium h a l i d e s as i l l u s t r a t e d i n F i g . 1.
I n t h e case o f l i t h i u m h a l i d e s t h e i n c i d e n t a n g l e was f i x e d a t 45" I n t h e case of sodium h a l i d e s t h e a b s o r p t i o n measurements were performed by u s i n g s y n c h r o t r o n r a d i a t i o n f r o m a 750 MeV s t o r a g e r i n g a t t h e I n s t i t u t e f o r M o l e c u l a r Science.
A p l a n e -g r a t i n g monochromator equipped w i t h a c y l i n d r i c a l f o c u s i n g m i r r o r and a t o r o i d a l r e f o c u s i n g m i r r o r was used.
Samples were prepared i n s i t u b y e v a p o r a t i o n o n t o c o l l o d i o n s u b s t r a t e s coated w i t h a t h i n aluminum f i l m .
RESULTS AND DISCUSSION
The p r o b a b i l i t i e s o f two decay processes mentioned above were e s t i m a t e d from t h e p h o t o e l e c t r o n s p e c t r a and t h e a b s o r p t i o n spectra.
They have been g i v e n elsewhere /2,4/. 
i t o n i n t h e Na L2,3 a b s o r p t i o n s p e c t r a o f sodium h a l i d e s should be t r e a t e d w i t h t h e i n t e r m e d i a t e c o u p l i n g scheme. I n t h e p r e s e n t case, however, we use t h e nomenclature i n t h e ususal s p e c t r o s c o p i c n o t a t i o n f o r s i m p l i c i t y .
Sample
To y Q E:ggy The electric field vector of the incident radiation is in the horizontal plane. and CFS spectra were obtained at the viith the Na L2,3 absorption spectrum, incident angle of 0 : The vertical lines are drawn at the L2-and LQ-core exciton peaks.
NaCL
t h e Lz,~(exciton)-VV process i s g r e a t e r t h a n t h a t through t h e K(exciton)-V process o r L z ,~( e x c i t o n ) -V process b o t h i n l i t h i u m h a l i d e s and i n sodium h a l i d e s . Moreover, i t was found t h a t t h e k i n e t i c energy o f t h e e j e c t e d e l e c t r o n i n t h e K(exciton)-VV process o r t h e L z ,~( e x c i t o n ) -V V process i s s l i g h t l y l a r g e r t h a n t h a t o f t h e o r d i n a r y Auger e l e c t r o n /1,2,4/.
The CIS s p e c t r a w i t h t h e i n i t i a l s t a t e a t t h e peak o f t h e valence band and t h e CFS s p e c t r a w i t h t h e f i n a l s t a t e corresponding t o t h e k i n e t i c energy o f t h e Auger e l e c t r o n were measured f o r NaF, NaC1, NaBr and NaI w i t h two d i f f e r e n t i n c i d e n c t angles o f t h e e x c i t i n g l i g h t around t h e e x c i t a t i o n photon energy o f Na 2p core e x c i t o n .
The r e s u l t s f o r NaCl a r e shown i n F i g . 2 t o g e t h e r w i t h t h e a b s o r p t i o n spectrum.
The CIS and CFS s p e c t r a shown by s o l i d l i n e s and dashed l i n e s were o b t a i n e d a t t h e i n c i d e n t a n g l e o f 45" and 0: r e s p e c t i v e l y . The energy p o s i t i o n of t h e most i n t e n s e peak B i n t h e CIS and CFS s p e c t r a agrees w i t h t h a t o f t h e L2-core e x c i t o n peak i n t h e a b s o r p t i o n spectrum, w h i l e t h e p o s i t i o n o f . t h e lower energy peak i s d i f f e r e n t from t h a t o f t h e L3-core e x c i t o n peak i n t h e a b s o r p t i o n spectrum. Moreover, t h e i n t e n s i t y r a t i o o f t h e lower energy peak t o t h e h i g h e r energy one i n t h e CIS and CFS s p e c t r a depends on t h e i n c i d e n t angle o f t h e e x c i t i n g l i g h t and i s d i f f e r e n t from t h a t o f t h e L3-t o t h e L2-core e x c i t o n peaks i n t h e a b s o r p t i o n spectrum.
The i n c i d e n t a n g l e dependence o f t h e s p e c t r a l f e a t u r e s i s s i m i l a r t o t h e r e s u l t o b t a i n e d by Rehder e t a l . /7/ and suggests t h e e x i s t e n c e o f t h e s u r f a c e c o r e e x c i ton.
F u r t h e r evidence on t h e s u r f a c e c h a r a c t e r i s o b t a i n e d from t h e temperature dependence o f t h e spectra.
They a r e shown i n Fig. 3 f o r t h e i n c i d e n t a n g l e of 0:
where dashed-and s o l i d -l i n e s r e p r e s e n t t h e s p e c t r a o b t a i n e d a t RT and LNT, r e s p e c t i v e l y .
When t h e sample i s cooled from RT t o LNT, t h e main peak i n t h e CIS and CFS s p e c t r a s h i f t s t h e same amount o f t h e energy as t h a t i n t h e a b s o r p t i o n spectrum which i s b e l i e v e d t o show t h e b u l k p r o p e r t i e s , w h i l e t h e lower energy peak i n t h e CIS and CFS s p e c t r a shows no d i s t i n c t energy s h i f t upon t h e c o o l i n g o f t h e sample.
Thus, t h e peak B i n t h e CIS and CFS s p e c t r a i s a t t r i b u t e d t o t h e n o n r a d i a t i v e decay o f t h e b u l k c o r e e x c i t o n , w h i l e t h e lower energy peak i s caused b y t h e decay o f t h e s u r f a c e c o r e e x c i t o n .
Next we c o n s i d e r t h e i n c i d e n t a n g l e dependence o f t h e peaks due t o t h e s u r f a c e c o r e e x c i t o n observed i n t h e CIS s p e c t r a .
I n t h e s u r f a c e l a y e r o f t h e s i n g l e c r y s t a l o f sodium h a l i d e s symmetrical d i s t r i b u t i o n o f t h e Na 2p wave f u n c t i o n i s d i s t u r b e d , e s p e c i a l l y i n t h e d i r e c t i o n p e r p e n d i c u l a r t o t h e surface. Even i n t h e s u r f a c e l a y e r o f t h e evaporated f i l m t h e Na 2p wave f u n c t i o n m i g h t e x h i b i t more o r l e s s t h e s i m i l a r p r o p e r t i e s .
We b e l i e v e t h a t t h i s g i v e s r i s e t o two k i n d s o f t h e s u r f a c e c o r e e x c i t o n s , i.e.. t h e s u r f a c e c o r e e x c i t o n formed w i t h t h e Na 2p wave f u n c t i o n i n t h e d i r e c t i o n p e r p e n d i c u l a r t o t h e s u r f a c e (Sp e x c i t o n ) and t h e s u r f a c e c o r e e x c i t o n formed w i t h t h e Na 2p wave f u n c t i o n i n t h e d i r e c t i o n p a r a l l e l t o t h e surface (Ss e x c i t o n ) .
Then, t h e e l e c t r i c f i e l d v e c t o r p e r p e n d i c u l a r t o t h e s u r f a c e ( p -p o l a r i z e d l i g h t ) can e x c i t e t h e S s u r f a c e c o r e e x c i t o n . and t h e e l e c t r i c f i e l d v e c t o r p a r a l l e l t o t h e surface (s-po?arized l i g h t ) can e x c i t e t h e Ss-surface c o r e e x c i t o n .
While, s -p o l a r i z e d l i g h t may n o t a p p r e c i a b l y c o n t r i b u t e t o t h e e x c i t a t i o n o f t h e Sp-surface c o r e e x c i t o n , and v i c e versa. T h i s g i v e s r i s e t o t h e angle dependence o f t h e peaks due t o t h e s u r f a c e c o r e e x c i t o n i n t h e CIS s p e c t r a .
